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ABSTRACT 

Galpl-3GalNAca-0-Serine/threonine (TF antigen) is expressed in the mucins of most 
epithelial cancers. We have compared the effect of five immunologic adjuvants on the 
immunogenicity in mice of TF antigen naturally expressed on porcine submaxillary mucin 
(PSM) with synthetic TF disaccharide covalently attached to ceramide or keyhole limpet 
hemocyanin (KLH). Natural and synthetic TF antigen expressed on PSM and TF ceramide, 
respectively, were minimally immunogenic, and antibodies were not significantly augmented 
by any of the immunologic adjuvants tested. TF disaccharide-KLH was moderately immuno- 
genic, and antibody titers could be augmented greatly with the use of the immunologic 
adjuvants QS21 (containing a purified Quil A saponin fraction) and SAF-m (containing 
threonyl MDP and pleuronic L121 block copolymer). The low level natural IgM antibody 
titers against TF disaccharide-HSA were augmented by these immune procedures, and these 
higher titer IgM antibodies reacted as well with TF antigen naturally expressed on tumor 
mucins or desialylated red cell glycoproteins. High titer IgG antibodies induced against the TF 
disaccharide conjugate, however, failed to react with naturally occurring TF antigen from 
either source. IgG antibody titers against other epitopes on PSM or KLH also were highest 
with the use of QS21 and SAF-m. Our studies identify covalent attachment of TF disaccharide 
to KLH as an approach capable of consistently augmenting IgG antibody titers against this 
synthetic disaccharide, and the immunologic adjuvants QS21 and SAF-m as optimal for 
inducing anti-TF disaccharide, anti-PSM and anti-KLH IgG antibodies. They also suggest 
that in the presence of T cell help (as provided by KLH), the TF disaccharide epitope 
recognized by B cells is different from that recognized in the absence of T cell help. 
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synthesized and used with a 2-carbon (crotyl) linker arm to prepare TF-KLH and TF-HSA by Biomira Inc. as 
previously described. 7 Keyhole limpet hemocyanin (KLH) was purchased from Cal-Biochem (La Jolla. CA). 
and human serum albumin (HSA) was purchased from Sigma Chemical Co. (St. Louis. MO). Tn antigen 
(GalNAca-) covalently attached to HSA (Tn-HSA) and sialosyl Tn-HSA were prepared from synthetic 
crotyl-Tn (or sialosyl Tn) preparations as described forTF-KLHand TF-HSA. Epiglycanin was purified from 
ascites of BALB/c mice bearing TA3-HA IP tumors, as previously described. 11 Glycophorin was purified 
from human RBC and desialylated as described previously by Springer and Desai. 12 

Immunologic adjuvants 

Salmonella Minnesota mutant R595 was prepared as previously described 1 3 DETOX containing monophos- 
phoryl lipid A (MPLA) and bacille Calmette-Guerin cell wall skeleton (BCGCWS) was purchased from Ribi 
Immunochem (Hamilton, MT), and complete Freund's adjuvant (CFA) was purchased from Difco Labora- 
tories (Detroit, Mi). SAF-m, obtained from Syntex Research (Palo Alto, CA). contains threonyl MDP, 
squalane, pleuronic LI21 block polymer, and Tween 80 in phosphate-buffered saline. 14 QS2I containing a 
purified Quil A saponin fraction was obtained from Cambridge Bioscience (Worcester, MA). 15 

Vaccine preparation 

Fifty micrograms of PSM or 25 \s.g of TF disaccharide-ceramide or TF-KLH were mixed with PBS, 
DETOX (2.5/25 pig MPLA/BCGCWsf, SAF-m (50 |xg). or QS2 1 ( 1 0 jxg). These doses of PSM and TF-KLH 
(3100:1) and TF-ceramide were selected to provide approximately 12 pLg of TF disaccharide per vaccine. 
TF-ceramide also was adsorbed to R595 cells or emulsified in complete Freund's adjuvant, as previously 
described. 13 Proteosomes were prepared from 25 fxg TF-ceramide or TF-KLH. plus 12.5 pig outer membrane 
proteins obtained from Neisseria meningitidis as previously described. 16 

Vaccine administration 

In each experiment, five mice, selected randomly from the same shipment, were immunized three times 
with a given vaccine. The three vaccinations were administered 2-3 weeks apart SC in a total volume of 0. 1 
mL/mouse. CFA. and to a lesser extent SAF-m, resulted in palpable and sometimes crusting lesions at 
vaccination sites. No other morbidity was detected. This vaccination schedule, including pretreatment with 
Cy, is based on our previous studies with gangliosides 13 and has not been varied with these antigens. 

Serologic assays 

Mice were bled from the retroorbital sinus before and 2 weeks after each vaccination, and serum samples for 
serologic testing (approximately 0. 1 mL) were stored at — 20°C. Murine monoclonal antibodies B72.3 (IgG) 
and 49H.8 (IgM) were used as positive control antibodies against sialylated Tn 17 and TF antigen. 18 ELISA 
was performed using rabbit antimouse IgM and IgG and protein A, linked to alkaline phosphatase (Zymed. 
San Francisco, C A ) as previously described . 19 The absorbance of samples tested on HSA alone was subtracted 
from the absorbance tested on TF-HSA to yield the experimental values at each titer. Serologic titer in ELISA 
is defined as the highest dilution yielding a corrected absorbance of 0. 10 or greater. All assays were repeated 
on two or more occasions to ensure consistency. Dot blot immune stain assays were performed as previously 
described, 2021 with slight modifications. In brief, 0.5 \xg of the various antigens were spotted on 
nitrocellulose paper strips. The strips were then blocked at room temperature for 2 h in phosphate-buffered 
saline containing 3% BSA. Serum was diluted 1:150 with the same buffer, and the strips were incubated in 
Accutron trays (Schleicher and Schull, Keene. NH) at room temperature for 16 h. Strips were then washed 
five times with the phosphate-buffered saline mixture and incubated for 5 h with horseradish-peroxidase- 
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Biotech, Birmingham, AL. respectively). Peroxidase staining was performed as previously described. 19 The 
staining intensity of each spot was designated as negative, 1 + . 2-r . or 3 + .■ as shown in Figures 2 and 3: 

Delayed type hypersensitivity (DTH) 

Two weeks after the first, second, or third immunization. 5 u.g TF-HSA and HSA were injected in 0.05 mL 
PBS into the right and left hind footpads, respectively. Footpad thickness before and after DTH testing at 
intervals of 24 and 48 h were measured and compared. 

RESULTS 

Serologic response against TF antigen after vaccination 

Preimmunization sera showed low titer IgM reactivity with TFdisaccharide, PSM, andepiglycanin and low 
titer IgG reactivity with epiglycanin (Table I , Fig. 1 ). Immunization with synthetic TF disaccharide-ceramide 
or porcine submaxillary mucin (PSM) alone did not induce an antibody response. Mixed with various 
adjuvants, TF disaccharide-ceramide and PSM induced low titer IgM and IgG responses against TF-HSA in 
occasional mice (Table 1 ). High titer IgG responses against PSM were seen in mice immunized with vaccines 
containing PSM plus SAF-m or QS21 . but no significant reactivity against epiglycanin or asialoglycophorin 
was induced (results not shown). No reactivity was seen on completely deglycosylated PSM. suggesting that 
reactivity was not against the PSM protein backbone or that this protein was denatured by the dehydration 
procedure, and so the antigenic epitopes recognized by these anti-PSM antibodies remain unknown. TF 
disaccharide was significantly more immunogenic when linked to KLH, especially at the higher epitope ratio 
(3100:1). inducing IgM and IgG antibodies in most mice. Complete Freund's adjuvant. Detox, and 
proteosomes had little impact on this level of reactivity. SAF-m and QS21, however, resulted in significant 
further augmentation of the IgM antibody response (from a median titer of 1/20 to 1/60) and the IgG antibody 
response (from 0 to > 1/5000). The range of IgG antibody titers against TF-HSA in the 40 mice immunized 
with TF-KLH plus SAF-m or QS2 1 was 1/1 280-1/36.450. The range in the 35 mice immunized with TF-KLH 
plus Detox, CFA, or proteosomes was 0-1/1280. The impact of QS21 and SAF-m on IgG ELISA reactivity 
against TF disaccharide and PSM compared to CFA or no adjuvant is shown in Figure 1 . 

Specificity of TF antigen-reactive sera defined by dot blot immune stains 

The specificity of all high titer IgM and IgG antisera (greater than 1/160 was studied. A sample dot blot 
immune stain experiment with sera obtained before and after immunization is shown in Figure 2. The 
increased IgM reactivity for asialoglycophorin and epiglycanin after immunization indicates that the 
immunogenic epitope on synthetic TF disaccharide conjugates is able to boost natural IgM antibody titers 
against natural TF antigen. Other antigens tested (but not shown) include glycophorin (negative) and ovarian 
carcinoma mucin (strongly positive), reinforcing the conclusion that these IgM antibodies react with natural 
TF antigen. On the other hand. Figure 3 shows the lack of consistent reactivity of IgG antibodies with 
asialoglycophorin and epiglycanin (beyond the 1 + natural antibodies against epiglycanin seen in most mice 
before and after immunization). This result indicates that the high titer IgG response is against an epitope(s) 
on synthetic TF disaccharide conjugate, which is not present on natural glycoproteins containing TF antigen, 
and no reactivity was seen with ovarian carcinoma mucin (results not shown). The origin of the anti-HSA 
reactivity seen in QS2 1 and SAF-m treated mice (Fig. 3) is assumed to be epitopes on KLH cross-reactive with 
HSA. since HSA reactivity was not seen after vaccination with PSM or TC plus SAF-m or QS2 1 . and these 
mice had not received TF-HSA footpad injections for DTH. When IgG dot blot immune stains were performed 
at a serum dilution of 1 :2000 instead of 1 : 150. the only reactivity remaining was with TF-HSA in all SAF-m 
and QS21, and occasional Detox, treated mice. This dot blot reactivity generally could still be detected at a 
serum dilution of 10 6 . 
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Table f. Peak Titer Serolxk^ic'Respunsh to TF-HSA After Immunization with Vaccines Containing 

TF Antigen 


Reciprocal Median dot blot 

median EL/SA titers immune stain 


IgM IgG IgM lyC 


Vaccine 1 * 

No. of 
mice 

TF-HSA 

PSM 

TF-HSA 

PSM 

TF-HSA 

PSM 

TF-HSA 

PSM 

None 

5 

20 

20 

0 

0 

0 

0 

0 

0 

PSM 

5 

20 

40 

0 

0 

0 

0 

0 

0 

PSM + CFA 

5 

40 

40 

0 

320 

0 

0 

1 + 

2-r 

PSM + Detox 

5 

40 

40 

0 

40 

0 

0 

0 

1 + 

PSM + SAF-m 

4 

40 

20 

0 

2560 

0 

0 

0 

2-r 

PSM + QS2I 

5 

40 

20 

0 

2560 

0 

0 

0 

2 + 

TF ceramide (c) 

5 

0 


0 


0 • 


0 


TFc + R595 

5 

0 


0 


1 + 


0 


TFc ~t~ proteosomes 

5 

0 


20 


1 -r 


1 + 


TFc + CFA 

5 

40 


0 


1 + 


0 


TFc + SAF-m 

5 

0 


0 


1 + 


! + 


TFc + QS2I 

5 

0 


0 


I + 


0 





Epi" 


Epi 


Epi 


Epi 

TF-KLH 3 1 00/ 1 h 

5 ' 

40 

10 

80 

0 

2 + 

0 

1-f 

| _i_ 

TF-KLH 

20 

0 

0 

20 

0 

1 -r 

0 

0 + 


TF-KLH + CFA 

10 

40 

0 

40 

0 

2 + 

1 + 

1 + 


TF-KLH + Detox 

15 

40 

0 

40 

0 

2 + 

0 

1-r 


TF-KLH + proteosomes 

10 

160 

0 

320 

0 

1 + 

0 

1 + 

I "t- 

TF-KLH + SAF-m 

20 

80 


> 10.000 

0 

2 + 

14- 

3-i- 


TF-KLH + QS21 (30 ng) 

5 

20 

10 

10.000 

0 

2 + 

l-r 

3-r 


TF-KLH + QS2I (10 u.g) 

20 

160 

20 

> 10.000 

0 

2 + 

1 + 

3 + 


TF-KLH + QS21 (3 ng) 

5 

30 

20 

5.000 

0 

2 + 

1 + 

3 + 

1 -r 

a Vaccines were administered sc to 

groups of 5 

mice 3 

times at 2- 

-3 week intervals. 

Mice were 

bled before each 


vaccination and 2 weeks after the third vaccination. 
b TF-KLH ratio 860: 1 unless otherwise stated. 
c Epi. epiglycanin. 


Serologic response against KLH after vaccination 

The serologic response against KLH was tested to determine whether the immunologic adjuvants resulting 
in the highest anti-TF serologic reactivity were the same as those resulting in the highest antiprotein titers. IgG 
antibodies were detected in all cases, but once again, the titers were highest with the use of SAF-m and QS2 1 
(Table 2). 

Delayed type hypersensitivity responses after vaccination 

Footpad injections with TF-HSA were performed 2 weeks after the third immunization in all mice. DTH 
responses were not detected after immunization with any of the vaccines. To more closely approximate the 
DTH testing schedule followed by others, we immunized two additional groups of 5 mice with TF-KLH plus 
Detox and tested for DTH against HSA and TF-HSA 2 weeks'after vaccines one and two, as well as vaccine 
three. No DTH was detected after the First immunization. DTH reactivity against HSA and TF-HSA was 
detected after the second and third immunizations. The median DTH response to HSA after the second and 
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1.50 


1.25 


1.00 



0.75 


> V320 Vl.280 

Serum Dilution 

FIG. 1 . IgG antibody levels delected by ELISA in mice receiving various TF-KLH vaccines (tested on TF-HSA target) 
or PSM vaccines (tested on PSM target). Each lane indicates results with serum from a different mouse. Each point 
represents the median optical density at that titer for all mice receiving the indicated vaccine. Serologic reactivity for mice 
immunized with PSM alone and tested on PSM or for all mice receiving PSM plus or minus adjuvant vaccines tested on 
TF-HSA was 0. as indicated by the closed circles. 


third immunizations was 0.08 mm and 0.16 mm. respectively. The mean additional increase in footpad 
swelling after testing with TF-HSA compared to HSA was 0. 1 1 mm and 0. 14 mm after the second and third 
immunizations, respectively, at 48 h (reactions were present but smaller at 24 h). To further evaluate the 
specificity of this reaction, DTH tests with epiglycanin. desialoglycophorin, and glycophorin were performed 
7-14 days after the TF-HSA tests. No reaction was seen. We conclude (1) that immunization with TF-KLH 
resulted in no DTH against TF-HSA and (2) that skin testing with TF-HSA itself results in DTH against HSA 
and additional DTH against a TF-HSA epitope that is not present on natural TF expressed on epiglycanin and 
desialoglycophorin. This epitope may contain aspects of both TF and HSA. 

DISCUSSION 

The purposes of this study were to ( 1) test whether PSM and synthetic TF disaccharide conjugates could 
induce immunity against TF antigen as it is naturally expressed in glycoproteins and mucins, (2) determine 
which form of the synthetic antigen was most immunogenic, that is, antigen conjugated to a hydrophobic 
group (ceramide) or antigen conjugated to an immunogenic protein (KLH), and (3) determine whether the use 
of immunologic adjuvants was capable of further augmenting this immunogenicity . The studies showed that 
synthetic TF disaccharide-KLH conjugate is capable of augmenting natural IgM antibody titers reactive with 
TF antigen expressed on desialoglycophorin (desialylated RBC) and on tumor mucins of murine and human 
origin. They also show that the immunologic adjuvants QS21 and SAF were capable of greatly augmenting 
the IgG antibody response against synthetic TF disaccharide, PSM. and KLH, but no adjuvant was able to 
augment the immunogenicity of TF antigen expressed on PSM or of TF disaccharide-ceramide. Finally, they 
show that unlike the induced IgM antibodies, the induced IgG antibodies are not reactive with epitopes 
expressed on such natural TF antigens as asialoglycophorin and tumor mucins. 
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Det ction of IgM Antibody In Sera of Mice Immunized 
with TF disaccharide-KLH Vaccines 


Vaccine 


TF-KLH+ 

ITF-KLH+QS21 TF-KLH+SAFm Detox TF-KLH N ne I 


49H.8 
Anti-TF 


GD 1B 

TF-HSA • " 
HSA 
TN-HSA 
Sialosyl 

TN-HSA * , 

Asialo 
giycophorin 

Epiglycanin * « 
KLH 

FIG. 2. Dot blot immune stain assay for IgM antibodies in sera of mice immunized with TF-KLH. Antigen standards 
were applied to silica gel strips and allowed to react with preimmunization (none) or peak titer postimmunization serum 
from a different mouse. Strips were developed with antimurine IgM antibody labeled with peroxidase. The vaccines used 
for immunization are indicated on the horizontal axis and the antigen spotted on all strips are indicated on the vertical axis. 
Reactions on the first TF-KLH plus QS2 1 strip indicate reactivity in the peak titer postimmunization serum from a mouse 
immunized with TF-KLH plus QS2I and are graded from top to bottom: ± . 3 + . I + , 3 + , 2 + . I -K 2+. and 3 + . 


Failure of the IgG antibodies induced by synthetic TF-conjugates to recognize TF epitopes on natural 
Glycoproteins and mucins was not entirely unexpected. We have immunized mice and melanoma patients with 
a series of synthetic ganglioside antigens, including GD3 lactone, GD3 gangliosidol, and GD3 amide, J as 
well as several O-acetyl GD3 products. 24 In each case, patients (and, in most cases, mice) identified 
anifactual synthetic epitopes that were not present on natural gangliosides to the exclusion of the epitopes that 
were present on the natural gangliosides, even though typing murine monoclonal antibodies recognized 
synthetic and natural gangliosides equally well. In this case, though murine anti-TF monoclonal antibody 
reacts well with both synthetic disaccharide conjugate and natural TF antigen (Fig. 2), the high titer IgG 
antibodies induced against the synthetic antigen failed to react with natural TF antigen. It is curious that 
natural low level IgM antibodies that showed increased titers against the disaccharide conjugate after 
vaccination were able to cross-react with TF antigen from natural sources. This may represent augmentation 
of the low affinity, germ line IgM antibody response often seen against carbohydrate antigens. 25 The altered 
specificity of the IgG antibody response against TF disaccharide may represent subversion of germ line 
specificity by somatic mutation of V region genes known to occur in the context of T cell help, as has been 
described after vaccination with phosphorylchoIine-KLH conjugates. 26,27 It also may be that the epitope seen 
by these IgO antibodies includes the 2-carbon crotyl linker arm used to attach disaccharide to KLH and HSA 
and possibly a part of the proteins. Lack of reactivity of these IgG antibodies with TF-ceramide (which has no 
linker arm) favors this explanation. 

Repeated skin testing for DTH was shown to induce DTH responses against HSA and significant additional 
DTH responses against TF-HSA. No DTH reactivity against natural sources of TF antigen could be 
demonstrated in these mice. When only a single skin test was performed after the third immunization, no 
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Detection of IgG Antibody In Sera of Mice Immunized 
with TF disaccharide-KLH Vaccines 


Vaccine 
TF-KLH+ 

TF-KLH+QS21 TF-KLH+SAFm Detox TF-KLH None 


B72.3 
Anti-STn 


GD 1B 
TF-HSA 

HSA 
TN-HSA 

Sialosyl 
TN-HSA 

Asiaio 
glycophorin 

Epiglycanin 
KLH 


N 


FIG. 3. Dot blot immune stain assay for IgG antibodies in sera from mice immunized with TF-KLH. Antigen standards 
ere applied to silica gel strips and allowed to react with preimmunization (none) and peak titer postimmunization serum 
3m a different mouse. Strips were developed with peroxidase-labeled antimurine IgG antibody. The vaccines used for 
immunization are indicated on the horizontal axis, and the antigen spotted on all strips is indicated on the vertical axis. 
Reactions on the first TF-KLH plus QS2 I strip indicate reactivity in the peak titer postimmunization serum from a mouse 
immunized with TF-KLH plus QS2 1 are graded from top to bottom: 2 + .3 + .3+.3+.3 + ,0, I + . and 3 + . 


consistent DTH was seen against HSA or TF-HSA. These results suggest immunization by the skin testing 
procedure, as was initially described in the clinical setting with other antigens. 28 We previously have reported 
induction of TF-HSA DTH reactivity by immunization with TF-KLH 7 and are uncertain why no DTH was 
seen here. There were several major differences in the immunization and DTH testing procedures used: 


Table 2. Serologic Response to KLH after Immunization with 
Vaccines Containing TF-KLH Plus Various Immunologic adjuvants 



No. of 

Median ami -KLH 

Vaccine* 

mice 

EUSA titer IgG 

None 

5 

1/40 

QS21 alone 

5 

1/80 

TF-KLH 

10 

1/160 

TF-KLH + Detox 

10 

1/320 

TF-KLH + CFA 

10 

i/640 

TF-KLH + SAF-m 

!0 

1/ 1 0240 

TF-KLH + QS21 

10 

1/10240 


a Vaccines were administered sc to groups of 5 mice 3 times at 2-3 week 
intervals. Mice were bled before each vaccination and 2 weeks after the third 
vaccination. TF-KLH ratio 860: 1 . 
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previously A/J x BALB/c F, mice. were used (as opposed to C57B46 x BALB/c F,J, an immunization dose 
of 100 u.g TF-KLH (as opposed to 25 u.g) and a footpad injection dose of 50 fxg of TF-HSA (as opposed to 
5 p.g) were used, and Ribi murine adjuvant containing trehalose dimycolate plus MPLA was used with 
TF-KLH (as opposed to Detox containing BCG cell wall skeletons and MPLA). These differences will be the 
focus of future experiments— - - 

The use of immunogenic carrier proteins to augment the immunogenicity of small, poorly immuno- 
genic haptens or other antigens dates back to the experiments of Landsteiner. 2y Potent T cell help is in- 
duced against the carrier protein, which permits B cell (and. in some cases, T cell) responses against the 
poorly immunogenic antigen to be greatly augmented and class switching and affinity maturation to 
occur. Whether the need for T cell help with these antigens is based on inability of antigen presenting cells 
to process the antigens as is assumed to be the case with carbohydrate antigens or T cell tolerance as is 
assumed to be the case with many self-antigens, the effect is the same. This approach, termed conjugate 
vaccines, has been used to induce IgG antibodies to capsular polysaccharide antigens of Haemophilus 
influenzae type B (and protection) in infants 30 and to induce IgG antibodies against a variety of other 
carbohydrate antigens in experimental animals. 31 We show here that this approach also applies to TF 
disaccharide-KLH conjugates and further that it is greatly augmented by the additional use of potent 
adjuvants. One of the reasons for using PSM as a source of TF antigen was the assumption that the xeno- 
geneic mucin core protein might function as an immunogenic carrier. This clearly was not the case. The 
explanation for the lack of T cell help provided by PSM may be the intense glycosylation characteristic of 
mucins or the nature of the protein core itself. It also is possible that TF antigen expressed on PSM is 
antigenically distinct from TF antigen expressed on our other natural or synthetic products, though once again 
all react well with anti-TF MmAb 49H.S. 18 

The immunogenicity of PSM and the TF disaccharide and KLH components of these vaccines were 
augmented by the immunologic adjuvants CFA, Detox, SAF-m, and QS2L This was especially true for 
SAF-m and QS21 . Of the three major modes of action for immunologic adjuvants (reviewed in reference 14), 
two. depot effects (generally produced by aluminum compounds or lipid emulsions) and macrophage 
stimulation (produced here by lipid A, MDP. CFA, and soon), are produced by most available adjuvants. The 
third mode of action, stimulation of B and T lymphocytes, shows a greater variation between adjuvants and is 
more difficult to define. BCG and one of its active components MDP are known to stimulate B and T 
lymphocytes, and lipid A is a mitogen for murine B cells. Whether it is these direct effects, the level of any 
given cytokine, or more likely the resulting changing mix of cytokines that are most responsible for adjuvant 
effects with each antigen is unknown. It also is not clear whether carbohydrate-protein conjugates are 
processed or have adjuvant requirements different from proteins or peptide-protein conjugates. Our results 
suggest that SAF-m and QS21 are highly effective adjuvants for inducing anti-TF disaccharide antibodies 
after immunization with TF-KLH and also that they induce the highest titer PSM and KLH antibodies. With 
regard to immunization with gangliosides (in the absence of a carrier protein), our experience has been the 
reverse. R595, proteosomes, and Detox all are more effective adjuvants than SAF-m or QS2 1 for induction of 
the ganglioside antibody response, which is predominantly IgM (unpublished observations). As the effects of 
immunologic adjuvants on antigen processing and presentation and on lymphocyte activation become better 
understood, it may be possible to select the optimal adjuvant for any antigen based on this knowledge. For 
now, however, the process is largely empirical. The immunologic adjuvants we have chosen for testing 
represent a cross-section of the many adjuvants that have been described. Several additional adjuvants are 
commercially available for use in experimental animals, and we also plan to test these. In addition, ongoing 
studies with super antigens 32 and heat shock proteins 33 may result in novel approaches for augmenting antigen 
presentation and lymphocyte activation, thereby circumventing or further augmenting the effect of currently 
available carrier proteins and adjuvants. 


ACKNOWLEDGMENT 

This work was supported by a grant from the National Institutes of Health (CA-33049). 

107 


LIVINGSTON ET AL. 


REFERENCES 


1. Springer GF, Desai PR: Common precursors of human blood group MN specificities. Biochem. Biophys. Res. 
Commun. 61:470-475. 1974. 

2. Springer GF: T and Tn general carcinoma autoantigens. Science 224:1 199-1206. 1984. 

3. Rauvala H. Finne J: Structural similarity of the terminal carbohydrate sequences of glycoproteins and glycolipids. 
FEBS Lett. 97:1-8. 1979. 

4. Stein R. Goldenberg DM, Mattes MJ: Norma! tissue reactivity of four anti-tumor monoclonal antibodies of clinical 
interest. Int. J. Cancer 47: 163-169. 1991. 

5. Springer GF. Desai PR, Murthy MS. Tegtmeyer H. Scanlon EF: Human carcinoma-associated precursor antigens of 
blood group MN system and the host immune response to them. Prog. Allergy 26:42-96. 1979. 

6. Bray J. Maclean GD, Dusel FJ. McPherson TA: Decreased levels of circulating lytic anti-T in the serum of patients 
with metastatic gastrointestinal cancer: a correlation with disease burden. Clin. Exp. Immunol. 47:176-182. 1982. 

7. Fung FYS, Madej M, Koganty RR, Longenecker BM: Active specific immunotherapy of a murine mammary 
adenocarcinoma using a synthetic tumor-associated glycoconjugate. Cancer Res. 50:4308-4314. 1990. 

8. Henningsson C. Selvaraj S. MacLean GD. Suresh MR. Noujaim AA. Longenecker BM: T cell recognition of a 
tumor-associated glycoprotein and its synthetic carbohydrate epitopes: stimulation of anticancer T cell immunity in 
vivo. Cancer Immunol. Immunother. 25:231, 1987. 

9. MacLean GD. McEwan A. Noujaim AA. et al.: A novel strategy for cancer immunoscimigraphy. Antibody 
Immunoconj. Radiopharmaceut. 2:15. 1989. 

10. Lloyd KO. Savage A: High performance anion exchange chromatography of reduced oligosaccharides from 
sialomucins. Glycoconjugate J. 8:493-498. 1991. 

1 1. Fung PYS. Longenecker M: Specific immunosuppressive activity of epiglycanin, a mucin-like glycoprotein secreted 
by a murine mammary adenocarcinoma (TA3-HA). Cancer Res. 51:1 170-1 176. 1991 . 

12. Sprineer GF. Desai PR: Human blood-group MN and precursor specificities: structural and biological aspects. 
Carbohyd. Res. 40:183-192, 1975. 

13. Livingston PO, Jones Calves M, Natoli EJ, Jr.: Approaches to augmenting the immunogenicity of the gangiioside 
GM2 in mice: purified GM2 is superior to whole cells. J. Immunol. 138: 1524-1529, 1987. 

14. Allison AC. Byars NE: An adjuvant formulation that selectively elicits the formation of antibodies of protective 
isotvpes and of cell-mediated immunity. J. Immunol. Meth. 95:157-168. 1986. 

15. KensilCR, Patel U. Lennick M. Marciani D: Separation and characterization of saponins with adjuvant activity from 
Quillaja saponaha molina cortex. J. Immunol. 146:431-437. 1991. 

16. Lowell GH, Smith LF, Seid RC. Zollinger WD: Peptides bound to proteosomes via hydrophobic feet become highly 
immunogenic without adjuvants. J. Exp. Med. 167:658—663. 1988. 

17. Johnson VG. Schlom J, Paterson AJ, Bennett J. Magnani JL, Colcher D: Analysis of a human tumor-associated 
glycoprotein (TAG-72) identified by monoclonal antibody B72.3. Cancer Res. 46:850-857. 1986. 

18. Longenecker BM, Rahman AFR. Barrington Leigh J. et al.: Monoclonal antibody against a cryptic carbohydrate 
antigen of murine and human lymphocytes. I. Antigen expression in non-cryptic or unsubstituted form on certain 
murine lymphomas, on a spontaneous murine mammary carcinoma, and on several human adenocarcinomas. Int. J. 
Cancer 33:123-129. 1984. 

19. Natoli EJ. Jr.. Livingston PO. Cordon-Cardo C. et al.: A murine monoclonal antibody detecting N-acetyl and 
N-glycolyl GM2: characterization of cell surface reactivity. Cancer Res. 46:41 16-4120. 1986. 

20. Hawkes R, Niday E, Gordon J: A dot-immunobinding assay for monoclonal and other antibodies. Anal. Biochem. 
119:142-147. 1982. 

21 . Livingston PO, Ritter G, Jones Calves M: Antibody response after immunization with the gangliosides GMl , GM2. 
GM3. GD2 and GD3 in the mouse. Cancer Immunol. Immunother. 29:179-184. 1989. 


108 


AUGMENTING TF DISACCHARIDE IMMUNOGENIC1TY 


2. Ritter G. Boost'eld E. Calves MJ. Oettgen HF. Old LJ. Livingston PO: Antibody response after immunization with 
ganglioside GD3. GD3 lactones, GD3 amide and GD3 gangliosidol in the mouse. GD3 lactone I induces antibodies 
reactive with human melanoma. Immunobiology 182:32-43, 1990. 

:3. Ritter G. Boost'eld E. Adluri R. Calves M, Oettgen HF. Old LJ. Livingston PO: Antibody response to immunization 
with gariglioside GD3 and GD3~congeners (lactones, amide and gangliosidol) in patients with malignant melanoma. 
Int. L Cancer. 4:379-385. 1991. 

24. Ritter G. Boosfeld E. Markstein E. etal.: Biochemical and serological characteristics ot" natural 9-0-acetyl GD3 from 
human melanoma and bovine buttermilk and chemically O-acetylated GD3. Cancer Res. 50:1403-1410, 1990. 

25. Mosier DE. Feeney AJ: The physiology of B lymphocytes capable of generating anti-polysaccharide antibody 
responses. In: Bell R, TorrigianiG, eds. Towards better carbohydrate vaccines. John Wiley & Sons Ltd., NY: 1987: 
243-261. 

26. Chang SP, Brown M, Rittenberg MB: Immunologic memory to phosphorylcholtne. II. PC-KLH induces two 
antibody populations that dominate different isotypes. J. Immunol. 128:702-706, 1982. 

27. Rodwell JD, Gearhart PJ, Karush F: Restriction in IgM expression. IV. Affinity analysis of monoclonal 
anti-phosphorylcholine antibodies. J. Immunol. 130:313-316. 1983. 

28. Palmer DL, Reed WP: Delayed hypersensitivity skin testing. I. Response rates in a hospitalized population. J. Infect. 
Dis. 130:132, 1974. 

29. Landsteiner K. Chase MW: Experiments on transfer of cutaneous sensitivity to simple compounds. Proc. Soc. Exp. 
Biol. Med. 49:688. 1942. 

30. Eskola J.Kayhty H. Takala AK. et al.: A randomized prospective field trial of a conjugate vaccine in the protection 
of infants and young children against invasive Haemophilus influenzae type B disease. N. Engl. J. Med. 323: 138 I , 
1990. 

31. Dick WE, Jr., Beurret M: Glyconjugates of bacterial carbohydrate antigens. In: Cruse JM. Lewis RE, Jr. eds. 
Conjugate vaccines. Basel: Kareer: 1989: 10:48-1 14. 

32. M arrack P. Kappler J: The staphylococcal enterotoxins and their relatives. Science 248:705-71 1. 1990. 

33. Srivastava PK. Heike M: Tumor-specific immunogenicity of stress-induced proteins: convergence of two evolution- 
ary pathways of antigen presentation? Semin. Immunol. 3:57-64, 1991 . 


Address reprint requests to: 
Philip Livingston, M.D. 
Associate Attending Physician 
Memorial Sloan-Kettering Cancer Center 
1275 York Avenue 
New York, NY 10021 


109 



i, 


